labeled mycoplasmas was only slowly released into the supernatant. About 55% of the activity remained AM-associated up to 70 h after phagocytosis. After phagocytosis of [3H] thymidine-labeled cells, about 70% of the radioactivity found in the supernatant was released within 8 h. More than 80% of this activity was non-precipitable by trichloracetic acid. 3H-amino acid-labeled protein was released to 50% within 8 h. Supernatants and AM were tested for M. pneumoniae antigen with enzyme-linked immunosorbent assay. Considerable amounts of antigenically active material could be found in the supernatant within 8 h. This antigen was totally inactivated by heat (80°C). Trypsin treatment (1 mg/ml, 10 min) reduced the antigenicity by 80%. The results suggest a selective release of microbial material after phagocytosis.
Alveolar macrophages (AM) are the first line of cellular defense against infection from Mycoplasma pneumoniae. The interaction of these phagocytes (6, 8, 12) or of macrophages of other origins (1, 5, 7, 9, 10, 14) with mycoplasmas has been studied by several authors, but effective phagocytosis has only been observed after opsonization (5, 6, 8, 9, 10, 12, 14) . However, little is known about the fate of the ingested microbial substances. The release of [3H]thymidine was used as marker of cellular destruction (9) , but no sufficient data are available on other mycoplasmal components, such as membrane glycolipids or proteins. Even less is known about the biological activity of such native or modified molecules released by the macrophage. These molecules may still be able to activate complement (2, 3) , react with antibody, or attach to host cell membranes. This study describes the characteristics of a phagocytosis system using guinea pig AM and M. pneumoniae.
MATERIALS AND METHODS Mycoplasmas. M. pneumoniae strain FH was grown in Roux bottles in 100-ml Hayflicks medium containing 1,000 U/ml of penicillin, 0.05% thallium acetate, and 1% glucose. Radioactive substances were added according to the experimental schedule. A frozen stock inoculum (-70°C) containing about 108 colony-forming units per ml was used for each culture. After 48 h at 37°C, the glass adherent mycoplasmas were washed four times with 5 ml of cold, sterile phosphate-buffered saline (PBS), pH 7.2, and harvested into 3 ml of tissue culture medium (TCM) as described below. The suspension was diluted to an optical density of 0.15 at 660 nm before being used.
Radioactive labeling of mycoplasma cells. For experiments with labeled M. pneumoniae cells, 50 ,uCi of [3H]palmitic acid or 150 ,uCi of [6_3H]thymidine was added to 100 ml of the growth medium before incubation. The mycoplasmas were harvested as previously described and tested for specific activity. For protein labeling, the glass adherent mycoplasmas of one Roux bottle were harvested into 1 ml of amino acid-free TCM containing 2% horse serum and substituted with 0.1 ,uCi of a 3H-amino acid mixture or 1 .Ci with
[14C]methionine, respectively. After 4 h of incubation at 37°C, the mycoplasma cells were centrifuged and washed three times with PBS. Radioactive amino acids not bound to the proteins of mycoplasma cells were separated by passage of the suspension through a Sephadex G-25 column (9.1-ml bed volume).
Preparation and labeling of anti-M. pneumoniae F(ab)2 fragments with "2I. Rabbit anti-M. pneumoniae immunoglobulin G (IgG; 50 mg) purified by gel filtration was digested with 3 mg of pepsin in 0.1 M sodium acetate buffer, pH 4.25. The digestion products were gel filtrated (Sephacryl S 300), and the antibody activity of the F(ab)2 fraction was determined in an indirect immunofluorescent assay on glass-grown M. pneumoniae cells. The absence of Fc fragments was proven 358 KIST, JACOBS, AND BREDT by the negative complement fixation test with M. pneumoniae as antigen. F(ab)2 fragments (0.5 mg) were iodinated with 0.5 mCi of carrier-free 125I (Eidgenossisches Institut fur Reaktorforschung, Wurenlingen, Switzerland) by using the chloramin T method (11) . Unbound 1251 was removed by gel filtration on Bio-Gel P10 (1 by 30 cm). The specific antibody activity of iodinated F(ab)2 fragments was again tested by immunofluorescence on M. pneumoniae and the absence of binding onto AM monolayers.
AM. The lungs of anaesthesized guinea pigs were washed four times with 20 ml of cold TCM containing antibiotics. The cells were centrifuged in siliconized vials for 10 min at 300 x g, resuspended in 10 ml of TCM, and adjusted to 106 cells per ml. Samples of this suspension (2 ml) were put into plastic petri dishes (Nuncolon, Nunc, Denmark; 35 by 8 mm) and allowed to settle at 37°C in a CO2 atmosphere. After 2 h the cultures were vigorously washed four times with PBS to remove nonadherent cells (about 40%). These monolayers were incubated for 15 to 20 h at 37°C in a CO2 atmosphere before use and considered to be AM.
The viability of the cultures was monitored by measuring the lactate dehydrogenase concentration of the supernatant and by using the trypan blue exclusion test.
Chemicals and media. Medium 199 (Flow Laboratories, Inc., Rockville, Md.) with glutamine and sodium bicarbonate, and 2 mM N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid (HEPES) was used as TCM. The 3H-labeled substances were obtained from Amersham-Buchler (Braunschweig, Germany). As coating buffer for enzyme-linked immunosorbent assay, a sodium carbonate-bicarbonate buffer (pH 9.6) was used. As a substrate buffer, a diethanolamin buffer (pH 9.8) was used (97 ml of diethanolamin, 100 mg of MgCl2 6H2O, and 800 ml of distilled water). Cytochalasin B, trypsin, and trypsin inhibitor were purchased from Serva (Heidelberg, West Germany).
Phagocytosis. The M. pneumoniae suspension was opsonized by rabbit anti-M. pneumoniae antiserum in a final concentration of 1:200 (15 min at 37°C) with intermittent mixing. Amounts of 900 RI each of these suspensions were centrifuged onto AM monolayers (300 x g for 10 min at room temperature). After 2 h of incubation at 37°C, the cultures were washed four times with 2 ml of sterile PBS and refilled with 2 ml of TCM. This was termed zero hour.
Electron microscopy. After 2 h of phagocytosis, AM were washed three times with PBS (2 ml), fixed in situ with 3% glutaraldehyde in PBS (pH 7.2) for 30 min on ice, and then treated with 1% OS04 in 0.1 M cacodylate buffer (pH 7.2) for 2 h. During dehydration with increasing concentrations of ethanol, the cultures were prestained with 0.5% uranyl acetate and 1% phosphotungstic acid at the 70% ethanol step. After centrifugation (800 x g for 10 min), the pellet was embedded in Epon. Sections were cut on the LKB microtome, stained with uranyl acetate and lead citrate, and examined in a Siemens Elmiscop 102.
M. pneumoniae antigen bound onto AM surfaces. IgG conjugate. The isolated IgG fraction was coupled with alkaline phosphatase by the modified method of Avrameas as described by Clark and Adams (4) .
Antigen treatment by heat and trypsin. Four hours after phagocytosis, supernatants and AM (sonicated three times for 1 min, power 4, Branson Sonifier Cell Disrupter B15; Branson Instruments Co.) were heated at different temperatures for 10 min or treated with trypsin (1 mg of trypsin per ml for 10 min at 37°C).
RESULTS
Characteristics of the phagocytosis system. About 50 to 75% of the harvested alveolar cells became adherent after 2 h of cultivation, and 90% of them excluded trypan blue. During the phagocytosis experiments, the viability decreased, usually within 48 h, to about 70% of the adherent cells. Additionally, the number of glass-attached AM was reduced to about 80% after 20 h and about 70% after 48 h. The effectiveness of the phagocytosis system was tested with [3H]palmitic acid-labeled mycoplasmas. After centrifugation, incubation (2 h), and washing, about 50% of the activity was found to be associated with the AM monolayer (Fig. 1A ). An additional complement treatment (10% guinea pig serum) in an experiment with [3H]thymidinelabeled mycoplasmas removed only a minor part of this AM-associated activity, suggesting that most of the mycoplasmas were internalized or tightly bound to the macrophage surface.
Electron microscopy. Numerous mycoplasmas were found in phagocytic vacuoles (Fig. 2) (Fig. 3) . Of the activity released within 50 h, about 65 to 75% was detected within the first 8 h. Of this activity, 84 to 93% was not precipitable by 10% trichloracetic acid. When cytochalasin B (10 ,ug per ml) was added to prevent phagocytosis, the release of 3H-labeled material was reduced by about 20 to 40%.
Release of [3H]palmitic acid-labeled substances. In contrast to the thymidine experiments, the activity of the [3H]palmitic acid-labeled mycoplasmas was only slowly released into the supernatant after phagocytosis (Fig. 1B) . About 55% of the radioactive material remained associated with the adherent AM for as long as 70 h. After centrifugation of the supernatants at 12,000 x g (5 min), 14 to 28% of the activity was found in the pellet, probably representing detached AM.
Release of 3H-amino acid-labeled substances. The release pattern of amino acid-labeled mycoplasmas was comparable to that of thymidine. Within the first 8 h, about 50% of the activity was found in the supernatant (Fig. 4) . After 20 h, only 20 to 28% of the total activity was still bound to the macrophages.
Antigen detection. Supernatants and residual AM monolayers were tested for M. pneumoniae antigen. The occurrence of antigenically active material in the supernatant is shown in Fig. 5 . Apparently most (about 80%) of the detectable material was released within 8 h.
Characteristics of released and AM-associated antigen. The antigenic activity found in the supernatant (4 h) was destroyed by being heated at 90°C for 10 min. Additional experiments showed that the inactivation began at 54°C and was completed at 80°C. When the activity of the AMassociated antigen (4 During the first hours of phagocytosis, mycoplasma material may be released in two ways: (i) by lysis of microorganisms which are attached to the phagocyte surface or (ii) by release of such substances from within the phagocyte. The first way is probably more efficient in mycoplasmas than in other bacteria because the lack of a cell wall permits a direct attack of excreted lysosomal enzymes on the mycoplasma membrane. The considerable amount of thymidine label found in the supernatant, even in the presence of cytochalasin B, suggests a certain degree of such extracellular lysis. However, the inhibitor itself is apparently triggering an increased release of lysosomal enzymes (13, 15, 16) The fast or delayed release of products of the phagocytic process could have some biological importance for the interaction between parasite and host in the early stages and in the sequelae of infectious diseases. Besides being spread throughout the tissues of the host, these substances may act as immunogenic stimuli, reacting with effector systems such as complement (2, 3) , and they could be toxic for the host cell membraneb, alter the surface of the host cell, or interfere with immunological reactions. They therefore certainly deserve further investigation.
